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Field of the Invention This invention relates to novel conpositions of
t her nopl astic bl ends of pol yphenyl ene et hers and pol y(al kenyl aromati c
conpounds) that inprove adhesion with 10 pdl-yur et hane foam More
particularly, the invention relates to substrate conpositions contai ning

pol yphenyl ene et her resins arCOMPOSITION AdTD METHODIF@Rcont ai ni ng
materials. It also relates to am , R?AHEE adhesi on of

pol yur et hane foamto the surfac I onposi tions. The
invention is 15 further rel atADRIGSIGON QaROMU R ih foam i nserts.
Background of the Invention Ther%gﬁir@ S@ﬁg_y%]hg become of interest in
recent years as a replacenent for~metar_ In tn 1 Or parts of 20

aut onobi | es, sbich as the manuf acTHBRMOPRASTIGBLENDS| s top covers and
armrests in the interior of the car. In these applications one requirenment
of the plastic resinis that it nust adhere to pol yurethane foam

Currently, there are plastic products available that are in use for these

applications. 25 However, there isFeldesftkHednvientioaved properties of the
plastics and inproved adhesion of the plastic with the polyurethane foam

One such product that has pggential L | dustry is a
General Electric Conpany pr §tm¥3ﬁ1§é r'%ﬁ%?é@qhgﬁ%la Hpglfly’lﬁs g regi stered
Trademark for t hetheﬁmnplastﬁﬂ)lendstafr;mlmphmlmeﬂwrér%ndat her and
pol y(al kenyl ar omay go(a1kenylaromatic compounds) that improve adhesion with
Y
10 polyurethane foam. More particularly, the invention relates to

substrate compositions containing polyphenylene ether resins and

primary or secondary amine-containing materials. It also relates
to a method for promoting the adhesion of polyurethane foam to
the surfaces of said substrate compositions. The invention is

15 further related to resinous articles with foam inserts.

Background of the Invention

Thermoplastic resins have become of interest in

recent years as a replacement for metal in the interior parts of

2 automobiles, such as the manufacture of instrument panels, top
covers and arm rests in the interior of the car. In these
applications one requirement of the plastic resin is that it must
adhere to polyurethane foam. Currently, there are plastic
products available that are in use for these applications.

2%  However, there is a need for improved properties of the plastics
and improved adhesion of the plastic with the polyurethane foam.

One such product that has potential for use in the
automotive industry is a General Electric Company product called
"Noryl". Noryl® is a registered Trademark for the resinous

30 mixture of polyphenylene ether and poly(alkenylaromatic



- 2- :conpound). Noryl is a good choice for autonotive applications because
of its high inpact strength, flane retardant property, |ow cost and

di mensi onal stability. The successful application of Noryl for autonotive

i nterior conponents requires excellent. 5 adhesi on performance with _
pol yur et hane foam Previously, a resinous m3ture of pol yphenyl ene et her in
- 38 parts by weight with polystyrene and 62 parts by weight has shown little
~ or no adhesi on w tcompgund)etNary iscmgrod kheicetfbe autornotiva epplicationse a

mxtur 6 Uhat w1 acaase ol ks HRAPHARGLE izaneth, it MELAIIR0E Hroberdy. 168
Summary of the | nFeft F‘Bﬁ E&ﬂfﬁ!?ﬂ%‘ %a%il!iﬁ}’s i Fhecstgeenstul epplisatiancfiposi tion
and method for pr Q¥&syl for atiRb@ioeieiHtesibe CoRPorBAREs Peqilired BRIRRItASt i C.
resi nous substﬁate ndyg_gl éuf{oet hane ‘&gt?]im | n"one aspect this_invention,
the conpositio c@ﬁﬂﬁs PETIORBIARGS polypzethane am- agEiously a

oast one. pri Mar Y S ne cOm AL n e e o G P o st and 2t
east one prinary €1C . -

cont ai ni ng materi é’?ﬂh%ﬂﬁq’mﬁ/agﬁiﬁpﬁgﬁ?’ i‘ﬁ?@%ﬁfﬁﬁeﬁ\"é{n ﬁtﬁﬁé’_ﬁﬂp a

mat Fr lj al Ba;n ng orslhesiorowith Nbﬂanmeﬂi)mse fdé;mn_ﬂ]‘}am, cbheén:;m drtr)diaav:ea

i nclude, but are i s e).0hax . - :
Further, the pri naqgéldérﬁg%{c#ﬁ?%llﬁ?lﬁdﬂ T{‘ér@})?gtéﬁygg a %%x.t u§%l.a§ﬁ'c
pol y(oxynet hyl01, regimmigturg that will also provide improved adhesion with

hydr o-[err] - (2- anmipiyiidthbabhfeam et her with 2-ethyl - 2- _
(hydroxynet hyl )-1,3-propanediol in a ratio of about 3-1, comrercially

avail abl e as Jeffam ne[err] T-403.4 B msecoor}(i%reyln%gn i%;1cont ai ning materi al
is meant a material contains at IM——
Accordingly, this invention provides a composition
and method for promoting improved adhesion between a
15 thermoplastic resinous substrate and polyurethane foam. In one
aspect of this invention, the composition comprises a
thermoplastic mixture of at least one polyphenylene ether and at
least one poly(alkenylaromatic) compound; and at least one
primary amine-containing material or secondary amine-
2 containing material. By primary amine-containing material is
meant a material having one or more -NHg groups. Examples of

such materials include, but are not limited to, cyclohexylamine
and 1-hexadecylamine. Further, the primary amine-containing
material can be a mixture of poly(oxymethyl-1,2-ethanediyl)-o.-

25 hydro-w-(2-aminomethylethoxy)ether with 2-ethyl-2-
(hydroxymethyl)-1,3-propanediol in a ratio of about 3-1,
commercially available as Jeffamine™ T-403. By secondary
amine-containing material is meant a material contains at least
one RogNH where R is any alkyl or aryl group . A class of

30 secondary amine-containing materials would be
polyethyleneimines. Additional examples of such materials
include, but are not limited to, diethylamine and dipropylamine.



one R2NH where R is any al kyl or aryl group . A class of 30 secondary

am ne-containing materials woul d be pol yet hyl enei m nes. Additional exanples
of such materials include, but are not limted to, diethylamne and

di propyl am ne. -3 - Another aspect of the invention is an article
conprising a resinous thernoplastic substrat® and a | ayer of pol yurethane
foamon a surface of said substrate, wherein the substrate conprises a

t hernopl astic m xture of at AnreiHercaspebt pHthohevertiorciscamartieled at | east

| | k | [ Ce : '
o s contai ni g (oTRmigheCs T8SHbs BT RpI RS b BRELR kiR d laver ofy, ;|
anot her aspect of polypurethaneifoani ona sexfhcel of said swhstvatey whereinitbei on of

pol yur et hane f oam i epr 18 UoibidadOa thaPREBMAR! fufxMHBYF A BaEORRE S NY the

steps of: form_ng a_resinous supstrate .cohtalning a thernoplastic mxture
of at least oné pdojypkenylene etharandat lsast ene pobiralkemylaramatio) ar onat i c)

conpound with at |@afdoith Mid FRDéadf bAe Primbey Hrthel®RhiMingCmatesandary
am ne-containing material,; placing the resinous 1 t her nopl astic substrate
in a foanm ng nold °§h§ﬁq°,ndﬁ‘6§rqxﬂbu%°%?ﬂ3%6‘%%t¢ ming mxture into the
foam ng nold on the substrate; and renoving the nold shell after a
sufficient amobunt of tine tdStilirandther hspevtiofithe invdtiomis danétlndsforst r at e.

ther mopl ast . r es i tRYing (68 adeloh, Bf ﬁé‘%@?ﬁﬁ?&%ﬁ% B8 LB n " bet ween
pol yur et hane flBamthetmoplasticisubstrate pomprising the stepscef: farmingaamot her
object of this Inyegiiffk sthdtre Sntdthing a thermoplastic mixture of at least

one polyphenylene ether and at least one poly(alkenylaromatic)

compound with at least one primary amine-containing material

or secondary amine-containing material; placing the resinous

15  thermoplastic substrate in a foaming mold shell; pouring a

homogeneous foaming mixture into the foaming mold on the

substrate; and removing the mold shell after a sufficient amount

of time to cure the foam layer adhering to the substrate.

It is an object of this invention to provide a
20 composition for a thermoplastic resin that is capable of providing
enhanced adhesion between polyurethane foam and resinous
thermoplastic substrates.

It is another object of this invention to provide an
article containing a resinous thermoplastic substrate with an
25 adhering polyurethane foam layer.

It is a further object of the invention to provide a
method for making the article consisting of a resinous
thermoplastic substrate with the foam layer. Also in accordance
with this invention, there is provided a thermoplastic article of

30 manufacture that could be used as an automotive instrument
panel. A thermoplastic substrate used in the instrument panel is



arti.cl e- containing a resinous thernoplastic substrate with an 25 adhering
pol yuret hane foamlayer. It is.a further object of the invention to provide
a method for making the article consisting of a resinous thernoplastic
substrate with the foamlayer. Al so in accordance with this invention,
there is provided a thernoplastic article 04-30 manufacture that could be
used as an autonotive instrunent panel. A thernoplastic substrate used in

the instrument paglatéd with pblyiFetRhAe fohin)) cRAIDILING Saefleh®ai@hedidH bi ti ng
excel I ent adhesi og bet vveap thﬁﬁ&olﬁl{ure hane fotehm angl thteen{s#agélt_.r te

material . Descri pPPoYeet the,polyrethans, fopm and the substya 18hove, the
princi pal conponents of the inventive conposition that will yield a

resi nous thernoplastic substrate with enhanced adhesi on to pol yuret hane
foamare: a thernoplastic mxture or blend of at |east one pol yphenyl ene
ether and at | east one poly(al ke . i maunrd _and at | east one 10
primary am ne-containing nateri aliy‘l's%{'1 'Eﬁ%)”éﬁdi%h%oli 18- -tont ai ni ng material .
Ot her conpounds can be present in _the conposition such as flane_ retardants,
i npact nodifidrs, nold rel eAserotedrabioygi theprincipalnompanents afdhai xt ur es

thereof. The amduifveitivOEHAPEE R thati WA yidld ld'PesiRbiP EREMhEPRsEiChEr - 15
pol y(al kenyl aromat i C) corrpoa_gd Xt%;gfi s at | east about 2 arts by wei ght

based on a total Swbsigate,with enhgac Fion yure @r¢02parts by
wei ght. The anpunthérmeplagialiitureos biénd bf ad beust el polyphenyleniehuthyt ene
et her - pol y(al kenyl apormt i c% co%gﬁ%m' zt ure {;5) at | eas al&ouél 20tparts by
wei ght based on aaﬁea Sty °8 ffpysaromatic) compound anc at least one

10 primary amine-containing material or secondary amine-

containing material. Other compounds can be present in the
composition such as flame retardants, impact modifiers, mold
releases, antioxidants, stabilizers, and mixtures thereof . The
amount of polyphenylene ether in the polyphenylene ether-

15  poly(alkenylaromatic) compourid mixture is at least about 20 parts
by weight based on a total of 100 parts. The preferred amount is
about 30-50 parts by weight. The amount of poly(alkenylaromatic)
compound in the polyphenylene ether-poly(alkenylaromatic)
compound mixture is at least about 20 parts by weight based on a

20 total of 100 parts.

. Representative examples of polyphenylene ethers are
known polymers comprising a plurality of structural units of the
formula '

25 wherein in each of said units independently, each Q1 is
independently halogen, primary or secondary lower alkyl (i.e.,
alkyl containing up to seven carbon atoms), phenyl, haloalkyl,



Represent ati ve exanpl es of pol yphenyl ene ethers are known pol yners
conprising a plurality of structural units of the fornmula 2 [err] 25
wherein in each of said units independently, each Qerr] is independently
hal ogen, primary or secondary |ower alkyl (i.e., alkyl containing up to
seven carbon atons), phenyl, hal oal kyl, -55- am noal kyl, hydrocarbonoxy,
or hal ohydr ocar bonoxy, wherein at |east two carbon atons separate the

hal ogen and the oxwgenaltylhydaschrdafibxilor haldliRessdohbyy 'wHereR at

hal ogen, primry i)r Si%%vondalrby 1 gwer al I%I t"d@;}eﬁéh’ haalx(gléﬁéﬂ ,

hydrocar bonoxy or ‘®Sr"ohiRh SBaQtBE_}?'ﬁ)%P alq bre faPeesy PXYERRt of ten,
var oger  Bot b HORMRBLYIEL el Comp e e et beofes e
Tﬁe pr ef _'er red hpmgg(%gy%?%rygﬁgvﬁq‘h%@gy’g@%@ﬂhﬁﬁ %3%%1?3’&% ?ﬁflbpf?gﬁeny! ene
ether units. Suithelehydrocadisploxprassdefinddifie Qhndbostofien, pach QEimalkyhi ng
such units in congy 'i!ﬁiehg'l‘ é’!ﬁe@ialfsf)()lﬁxﬁlfpl,ean@eée}@qzisrlﬁ;cmékéﬁ: 4-phenyl ene

ether units. Al so included are pol yphenyl€ne ethers cont'al ning noi eti es
prepared by grafting onto t ol yphenyl ene et her in known manner such

e
materials as vinyl rrononers%ﬁ‘ﬁdéﬂ@ﬂﬁ?m enPalymas Ralyphengtensnd
el astoners, as wekthés alidedéed) ferredehdifibpolyeisi £id EReS | N9

and formal s, “undePRREHBIE PennORal A RERRS R Stber Hi ASHIRRS oups of
pol yphenyl enel®t heopalyaiers inelyde dandom éopmiigmers containing such units in
combination with, for example, 2,3,6-trimethyl-1,4-phenylene
ether units. Also included are polyphenylene ethers containing
moieties prepared by grafting onto the polyphenylene ether in
known manner such materials as vinyl monomers or polymers
15 such as polystyrenes and elastomers, as well as coupled
polyphenylene ethers in which coupling agents such as low
molecular weight polycarbonates, quinones, heterocycles and
formals, undergo reaction in known manner with the hydroxy
groups of polyphenylene ether chains to produce a higher
2 molecular weight polymer, provided a substantial proportion of
free OH groups remains.

The polyphenylene generally has a number average
molecular weight within the range of about 3,000-40,000 and a
weight average molecular weight within the range of about 20,000-
2 80,000, as determined, by gel permeation chromatography. Its
intrinsic viscosity is most often in the range of about 0.15-0.6 dl./g.,
as measured in chloroform at 25°C.

The polyphenylene ethers are typically prepared by
the oxidative coupling of at least one monohydroxyaromatic
30 compound such as 2,6-xylenol or 2,3,6-triméthylphenol. Catalyst
systems are genérally employed for such coupling; they typically
contain at least one heavy metal compound such as copper,



20, .nol.ecul ar wei ght pol yner, provided a substantial proportion of free CH
groups renai ns. The pol yphenyl ene generally has a nunber average nol ecul ar
wei ght within the range of about 3, 000-40,000 and a wei ght average

nol ecul ar weight within the range of about 20,000- 25 80,000, as .

determ ned, by gel perneation chronatographﬁ_ Its intrinsic viscosity is
nost often in the range of about 0.15-0.6 dl/g., as neasured in chloroform

at 25[err]C. The maﬁ{gméaé %@ecosanee&nsasnayeg&aw ¥n RIBPR %‘ém?,yw&ég{e

oxi dative coupling of at | east one nohydroxyar omati ¢ 30 conpound- such as
2, 6-xyl enol or g'agqusl ?@cqﬂ'y’lnﬁ S. Catal yst systens are generally

errpl oyed for such coupling; they typically contain at | east one heavy netal
conpound such as copper, Paﬁtlcﬁimgﬁﬁmﬁll pcﬁlyphbﬁ&len@%ﬂh@w(for ly in

conmbi nati on WI th k@ Parti cul a usef ul phenyl ene
ethers for p&%ﬁgggesss %%%E}E??%B‘&Eﬁh E?ngmrxflg% H&?gbﬁﬁ’% ﬁ%@?ﬁ% o | east
one 5 ami noal k | - eomim@abkylecomtaingngiend greumniThe aminb-alkyl cadicabig ypi cal | K
| ocated in an ortlig t t r ai ni ng suc
end groups may be 9%t al Xlg%eaﬁﬁcz{ohreg%%gt ng g‘%@gg%r oﬁ'(agb%&&&)ﬁrary or

group
secondary nonoani k&oduets mtalmngtﬁymh groups wiayeheob %mnﬁél:ws one of the

10 constituents
frequently pr esenﬁfl%f%r ?%%(ﬁgpgﬁ%ﬁb};@grﬁffé{%Bgs%e%ﬂ&&égﬁdﬂ&bt al ned
fromreaction nm xBUF saﬁ‘# Flamine of dim AIMRA AFUTRHA ﬂi% present,

especi al ly inld ceoppstitiaitsdf-thsoxidakivy coaplieg reaétion Mix¢ue/SiAdss A

substantial pr Opogéq%nﬁy present are 4-hydroxybiphenyl end groups, typically
obtained from reaction mixtures in which a by-product
diphenoquinone is present, especially in a copper-halide-
secondary or tertiary amine system. A substantial proportion of

15 the polymer molecules, typically constituting as much as about

90% by weight of the polymer, may contain at least one of said
aminoalkyl-containing and 4-hydroxybiphenyl end groups.

It will be apparent to those skilled in the art from the
foregoing that the polyphenylene ethers contemplated for use in
20 the present invention include all those presently known,
irrespective of variations in structural units or ancillary chemical
features.

The poly(alkenylaromatic compounds) employed in
the thermoplastic resinous substrate composition include
25 homopolymers and copolymers of such compounds as styrene, o-
methylstyrene, 4-methylstyrene and dibromostyrene. Styrene is
generally preferred. Particularly prefefred are conventional
rubber-modified polystyrenes, sometimes designated "thh
- impact polystyrene" or "HIPS" ' '

30 It is known that polyphenylene ethers and
poly(alkenylaromatic compounds) are miscible in all proportions.
While polyphenylene ether and poly(alkenylaromatic compound)



15 .the polyner nolecules, typically constituting as nuch as about 90% by
wei ght of the polynmer, may contain at |east one of said

am noal kyl - cont ai ni ng and 4-hydr oxybi phenyl end groups. It will be apparent .
to those skilled in the art  fromthe foregoing that the pol yphenyl ene
ethers contenplated for use in 20 the preseht invention include all those
presently known, irrespective of variations in structural units or

ancitlhl a% cherr} caltblbﬁatswbﬁsainmggm?lpagoqiokﬁauloﬁmha&w@esmmuydbé enpl oyed
in the thernoplastic resinous substrate.conmpositi R .

hormopol yner s gnd c?:}BBhyr?gr’él eW@Ht’@&ﬁﬁgffgﬁge%ﬁgegpﬁ%%t‘,gdpgo-l%?rfﬁfeg?yrene,
: g met hy: st Iyr ene ?mtmrﬂlecmmseyt imamasints of at leasyabous|20f py a¥eight and
articul ar ' = I Ty ,

coret | mee. des, qnat Bty b HHolE B0 08By w abl, haRA YR dhGneS,
i's known that Iymiml‘éndv[@ﬂme@fée poRrboul 48% brweight, basedppudbes) are
m scible in all prﬁp@?%}%gérs Whle€ paBi (4 ARSiRaflk R8MmpYthd) is present in

pol y(al kenyl aromati c und) =7-" Dbl s, cont.aj hi,n n roportion of

the two resins nay2BameHsfat least Aoyt 20 byweig t’ibé"%ﬁ&e&bﬁl“‘e Phat the

pol yphenyl ene et hepolptndiseandpreferabBuin anGiméeint 68both20-80%8 Dbyoweighitght

and preferably at e&st sgboutf %8) 50%3%/ vve&g?t gas g t he .th 5

pol ymers. Most pr e 2pst preferpbly 1n ady gmo ﬁﬁf‘l 0 g Q%n%“{% "Wo

pol ymers. The pol y(al kenyl aromatic conpound) is present in an anmount of at

least about 20 by weight, bThedpayphemylene efhey mndspolytalkenylarontstic)i n an

gg{,}ougty of ggfut 205 5i0pbaNd Yhlddke o2 BleBBShal A56 cBRtdin rRntisRialt of about

- additives, especially flame retardant additives and impact
modifiers. Flame retardant additives include brominated
styrenes and phosphorous-containing chemicals such as

15 triphenylphosphate, tri-t-butylphenylphosphate, tetraphenyl,
resorcinol bisphosphate, tetraxylyl resorcinol bisphosphate,
tetraphenylhydroquinone bisphosphate and tetraxylyl
hydroquinone bisphosphate. Impact modifiers for polyphenylene
ether-poly(alkenylaromatic compound) mixtures or blends are

20 known. They include diblock and triblock copolymers of
alkenylaromatic compounds such as styrene and aliphatic dienes
such as butadiene and isoprene. The composition may also

include mold release compounds such as polyethylene.

Also as noted above, another principal ingredient in

25  the composition is a primary amine-containing material or
secondary amine-containing material. One such material is
commercially known as Jeffamine T-403, which is
poly(oxy)methyl-1,2-ethanediyl-a-hydro-@-(2-
aminomethylethoxy)ether with 2-ethyl-2-(hydroxymethyl)-1,3-

30 propanediol in a ratio of 3-1. It was found that as little as about
‘two (2) weight percent of Jeffamine in the inventive composition
improves the adhesion of a foam blend to the thermoplastic
resinous substrate. The primary amine-containing material may
be present in the range of about 2 to 20 weight percent of the total



10 . . The pol yphenyl ene et her and pol y(al kenyl aromati c) conpound

m xture or blend may al so contain conventional additives, especially flane
retardant additives and inpact nodifiers. Flame retardant additives include
brom nated styrenes and phosphorous-contai ning chem cals such as 15

tri phenyl phosphate, tri-t-butyl phenyl phosph&t-e, tetraphenyl, resorcinol

bi sphosphate, tetraxylyl resorcinol bisphosphate, tetraphenyl hydroqui none
bi sphosphat e and tempasition. Aboubeightotec2® vemiglts percent of appmmarydi fi ers for
pol yphenyl ene et her-pal . L 3 1L %1 bl ends are
20 known. They i%(%xfl&%e&%ﬁ%hgﬁ)c %r?gé?ra}"ﬁl%gk@ééggg%%és%fg géﬁgkgnyl aromatic
conpounds such aspgeﬁﬂﬁﬂ@!§WUFaliphatic di enes such as but adi ene and :
i soprene. The conposition nay al so i nclude nold rel ease conpounds such as

pol yet h%/l ene. Also as not ed_ﬁh@\iﬁelﬁa_@a_tdl,einI&tﬂﬂﬂﬁb?abpliﬂﬂbleﬂﬁgeﬁlﬁsi n 25 the
conposition is_a primary ami ne-containing material or secopdary

am ne- corit ai ni fg h’&Y%ﬁlfrlaP.ar@rﬁfcgﬂaﬁr}?ﬁ“éﬁ’feé@”r%lmﬂf’ i/s'ﬁ#b\ﬁﬁ as

Jef f ami nﬁ ;I' 433, ;ﬂaly‘éth'wermﬁhﬂﬁes.ly)Elﬂﬂ‘iplheséoﬁ{msbanawﬂ(dlsa’nbhﬂw-['err] - Ei 2-I
am nonet hyl et hoxy).et her w.th 2-ethyl -2 ro 3- _ propanedi o
inaratio of 3- 1.‘11?%%?1?8@?6? fl},éppgga(tﬁlxﬁl ?&Etsg%%gﬂé?'v\%m ?‘% wei ght
percent of Jeff anicontainingenatevisdmay bepresenttingthe rangevefsahows ZHn28i on of
a foam bl end to tQ&iggfggP%a,@%[gltﬁemmmé T AbBut B1S U

am ne-cont ai ni ng Rt e_present 1'n fhe range ?f about 2, to 20 -
wei ght per cen0 of peeentoefia secondnry aminpin the Anveniave tiom B wej ght

percent of a primyryf&iFelerdifp.ai ning material, such as Jeffam ne T-403, is
a

The addition of more than one amine-containing
material may further enhance the adhesion of polyurethane foam
to the resinous thermoplastic substrate. For instance, the

15 addition of a second additive such as Nirez™ 2150, which is a
terpenephenol made by reacting limonene and phenol, was found
to increase the adhesive performance between the resinous
thermoplastic substrate and the polyurethane foam.

Further understanding of the present invention may
2  be had from the following examples and comparative examples
which are intended to illustrate, but not limit, the invention.

EXAMPLES

Example 1.

Three blends containing polyphenylene ether and
95  poly(alkenylaromatic compound) were made and tested for foam
adhesion. Table I shows the compositiéns in Plaques 1-3 and the
‘physical appearance as well as the results from foam adhesion
testing.



preferred range. Al so included as an additive applicable to this 5

i nvention are secondary am ne-containing materials such as

pol yet-hyl enei m nes. Exanpl es of these materials include diethylamne and

di propyl am ne. The secondary am ne- containing naterial nay be present in
the range of about 2 to 20 wei ght percent e9-the total conposition. About 8
to 20 weight 10 percent of a secondary anmine in the inventive fornul ation
is a preferred range. The addition of norfaBlédn one am ne-contai ni ng
material may further enhance the adhesion of polyurethane foamto 'the

resi nous thernoplastic substrate. For instance, the 15 addition of a
second additive such as Nirez[err] 2150, which is a terpenephenol made by

- reacting linonene and phenol, was found to increase the adhesive

per f ormance between the resinous ther nBlaiguetli ¢ sBlagques? e anblagme 3

pol yuret hane foam Further understanding of the present invention may 20 be
had fromthe foll ow nPIR§@dBdsr.and conpd@8ati ve exalpl es whi cd0are i nt ended
to illustrate, but notNbvador 22728 i nventig@n. EXAMPIEES Exanpl e6d. Three

bl ends contai ni ng pol JamgRidenaiogsher and 25  pol y(al kenyl aromati ¢
conpound) were nmade and tested for foam adhesion. Tgble |I shovg the

conpositions in Pl a?ﬁlg qué- AppBarddre physical appearance as well as the
results from foam adhesi on estl ng. -9- Tabl e ¢ransp transp '

Foam Adhesion

X# +§ vq

transp: transparent; X*: no adhesion; +%: marginal adhesion;

VI: excellent
5 1. PPE (0.46 i.v.) - polyphenylene ether
2. Novacor 2272 - polystyrene.
3. Jeffamine T-403 - primary amine-containing material.

Plaque 1 repfesents the standard Noryl formulation
and is used as the control model without the amine containing
10 additives. The control blend Plaque 1 contains only poly(2,6-
dimethyl-1,4-phenylene oxide) (PPE) and Novacor 2272, a
polystyrene. This had very poor polyurethane foam adhesion.
The foam in Plaque 1 separated from the substrate cohesively.
Plaque 2 had 40 parts by weight polyphenylene ether and 60 parts
15 by weight polystyrene plus 2 parts by weight J effamine T-403,
which is poly(oxy)methyl-1,2-(ethanediyl-a-hydro-o-2-
aminomethyloxyethoxy)ether with 2-ethyl-(hydroxymethyl)-1,3-
propanediol in a ratio of 3:1. The foam adhesion for Plaque 2 was
significantly improved over Plaque 1. Some cohesive failure in the
2  polyurethane foam took place during the peel test. Plaque 3
demonstrates the same composition as Plaque 2 except that about
eight weight percent of Jeffamine T-403 is used in the Noryl
formulation. Plaque 3 had excellent foam adhesion with the
polyurethane foam. A complete cohesive failure occurred in the



Pl aque .1 Pl aque 2 Plaque 3 PPE (0.46 i.v.)[err] 38 40

40 Novacor 22722 62 - 60 60 Jeffam ne T-4033 2

8 Pl ague Appearance transp transp Foam Adhesi on X* +

[err] transp: transparent; X*: no adhesion; [err]: marginal adhesion;
‘[err]: excellent 5 1. PPE (0.46 i.v.) - pol¥phenyl ene ether 2. Novacor 2272
- polystyrene. 3. Jeffam ne T-403 - prinary am ne-containing naterial.

Pl aque 1 represenfeamduringthepdeNzsyin Plague 3t ilons faxthes posatedapmtt he

i aque 1 cont ai ns AP “‘48’2?3@?@95%%@4‘%%‘%@%?F%%?E‘%O%FS‘%P e ana
Novacor 2272, a p&%gmﬁge%@lﬁhéhOWﬁ}hﬁééﬁe @enbrdd Wehesi on.

The foamin Pl aquegk sRBHEARE S&nbhﬁﬂilitbewﬂ;hbﬁ{e@&?? &ned eter £h@que 2 had
40 parts hy vve%ght? ol yphenyl ene ether and 60 parts 15 by weight
S

pol ystyrene pl Iy wei ght Jeffamine T-403, which is
pol y(oxy) net hyl -1, 2- (et hanedi yl - a- hydro-[err]-2- am nomet hyl oxyet hoxy) et her
with 2-ethyl-(hydroxynet hyl YFhe foanp pegredede that wvas usdd to forndulate tThe f oam

conosi ve fa 1 uro. FRoipplE stich it fitbert nolBiraiBan8 fialtafe fadtet 1.
test. Plaque 3 demdhesiont fedlowse Aawry dighteoat ofthemadaelease wasept t hat
chout <L v ShbohrenSpi pleld A0 af i ol
foam A conpl d@e @neldsi The plaquesctested, foompositionshown in Tables 1 and 11)
were covered with a mesh screen and placed inside the mold. The
plaques were held on the sides of the mold with a double-stick tape
on their back surface. In a 1000 ml plastic disposable beaker, 308
grams of polyol UF1010B was weighed. In a separate 250 ml
15 disposable beaker, 192 grams of polyisocyanate PAPI 4095 was
added. Then, the polyisocyanate was poured into the polyol
beaker, and the contents were mixed with overhead mechanical
stirrer with a stirring speed of 5,000 rpm for 8 seconds. The
homogeneous mixture was poured into the foaming mold
2 immediately after mixing and a cover was placed on the mold,
then it was fastened with two cover clamps. In about an hour the
foamed plaques were removed from the mold by taking the mold
apart.

The plaques with the polyurethane foam on the

25 surface were then conditioned for 24 hours at room temperature.
The samples were then cut into several 1 inch wide strips. The
adhesion of the polyurethane foam to the plastic substrate that
were covered with a mesh screen was accessed by pulling the
foam apart from the substrate at 90° at a speed of 2.5 inches per

30. minute. The locus of failure, whether cohesive or adhesive, and
the force required for the failure were reported as noted in Table 1.



-10-- foamduring the peel test in Plaque 3. It is further pointed out from
Table | that the plaque appearance of Plaque 2 and Plaque 3 was
transparent, which shows that the Jeffam ne T-403 additive has excell ent
conmpatibility with the pol ypropyl ene ether and 5 polystyrene. The foam
procedure that was used to fornulate the redilrous article with a foam

pol yuret hane | ayer to be tested for adhesion follows. A very |ight coat of
the nold rel ease vBgampipei2ed With a paper towel to all interior surfaces of
the foam ng 10 nold. The plaques tested (conposition shown in Tables | and
1) were covered with a nesh,scregn and,plgced ipside the nold. The pl agues
were held on the sides of th @Bf@’ ng %ﬂeeg’s‘(’f‘lﬁlzn?iﬁélsb‘?g?heir back
surface. In a 1000corhbimadix of deffamiad hndiNieeradditiSes t@impobove the ol
UF1010B was wei gh : 250 | rans
of pol yi socyanat ee%ﬁpgﬂggﬁgﬁé&%%déz %ee%anp ﬁ%ﬁggfgfélg%%ﬁgﬁedv\g@ our ed
into the pol yob befexmulatin istshovoniefabladie ni xed with over head

mechani cal stirrer with a stirring speed of 5 000 rpmfor 8 seconds. The
honobgeneous m xture was poured into the fepgpleny ol d 20 immediately after
m xi ng and a cover was placed on the nold, then it was fastened with two
cover clanps. In about an hour the foaned pl agues vver(ll:wed fromthe
nold by taking the nold apart. The plaques with the polyurethane foam on

the 25 surface werPPENOME RiteinsiOviatodifyf); 24 hours at roggn tenperature. The
sanpl es were then cut into sgypggl 1 inch wide strips. Tge adhesion of the

pol yuret hane foamto the pmgiﬁsﬁgbst rate that 5
Jeffamine T4034 2
Kraton G 16505 5
SOL T63025 5
Hostastat HS-17 2
Polyethyleneg 1.5
ZnS/Zn0Og 0.15/0.15

1. PPE (0.46 intrinsic viscosity) - polyphenylene ether
2. HIPS: high impact polystyrene
3. Nirez 2150 - terpene phenol resin
10 4. Jeffamine T-403 - primary amine-containing material
5. Kraton G 1650: styrene-ethylene-butylene (SEB) saturated
rubber
6. SOL T6302: styrene-butadiene unsaturated rubber
7. Hostastat HS-1: Sodium C12-20 alkanesulfonates
8. Polyethylene - linear low density polyethylene
9. ZnS/Zn0O - zinc sulfide/zinc oxide powders

The formulation shown in Plaque 4 was made
employing both Nirez 2150, terpenephenol made by reacting
liminene and phenol and Jeffamine T-403. As anticipated, the

© 2 formulation had excellent physical properties and foam adhesion.
The foam test that was conducted was similar to that of Example
1. The foam adhesion between the Noryl resinous substrate and
the polyurethane foam was excellent.



were cov hit screen was accessed by pulling the foam apart from
t he su,bsﬁlmHMﬁﬂ@uEiﬁﬂLspeed of 2.5 inches per 30 mnute. The | ocus of
failure, whether @ [ or adhesive, and the force required for the
failure were reported as noted in Table I. Exanmple 2 A fourth sanpl e,

Pl ague 4, was nmade using a conbination of JdRfam ne and Nirez additives to

i nprove the urethane foam adhesi on. The conposition of the inproved Noryl 5

formulation is shown in Table Il. Table Il Plaque 4 PPE (0.46 intrinsic
viscosity)[err] 45 H REat is Claimed: 55 Nirez 2150[err]
5 Jeffam ne T403[err]. 2 Kraton G 1650[err]

5 SOL T6302[ err] : . HS- .
2 Pol yethyl ene[ err] 1. A composifidi Jra3 s Rhirlds thiknoplastic
0.15/0.15 1. PPE ($nbsdratetcamprising: sadherppplastid miktang|ofras leasieone. H PS:
high i mpact pol vt ydigpRedyichle/ether kA at BSPEAE rRARkerEdindflo) 4

- pr lal 5. Rr

Jef fam ne T-403 ry.am ne-contal ni ng mate at on 1650:;
styrene- et hyl ene- ipmpewad; apdatleast ape Primewy aminescyntagning material

styr ene- but adi @ne ¢ingaéoHidHrgdakiibebniaintis rastaalliS- 11 Sodi um C12- 20
al kanesul f onat es

2. A composition according to claim 1 where the
polyphenylene ether comprises a plurality of structural units of
the formula

Q!
0 —
Q¢ <
5 Wher;ein in each of said units independently, each Q!

is independently halogen, primary or secondary lower alkyl
containing up to seven carbon atoms, phenyl, haloalkyl,
aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy, wherein at
least two carbon atoms separate the halogen and the oxygen

10 atoms; and each Q2 is independently hydrogen, halogen, primary
or secondary lower alkyl, phenyl, haloalkyl, hydrocarbonoxy or
halohydrocarbonoxy as defined for Q1. S

3. A composition according to claim 2 where the
polyphenylene ether is a poly(2,6-dimethyl-1,4-phenylene ether).

4. A composition according to claim 1 where the
polyphenylene ether is present in an amount of about 40% by
weight.

‘5. A composition according to claim 1 where the
poly(alkenylaromatic) compoux;d is polystyrene.



15 | 8. .ol yethylene - linedr |ow density polyet hyl ene 9. ZnS/ ZnO - zinc
sul fide/ 3| ' .The .formul ati on shown in Plaque 4 was nade
enpl oyi nM“l“WlMlmmm ‘t er penephenol nade by reacting |imnene and
phenol and Jéf f &mi he T-403. As anticipated, the 20 fornul ation had

excel | ent physical properties and foam adhd@i-on. The foamtest that was
conducted was simlar to that of Exanple 1. The foam adhesi on between the

Noryl resinous substrate and the pol yurethane foam was excellent. - 12-
Wiat is Cained: 1. A conpo$i tAcompwsition actording toclaippl achere theystrat e

conprising: a theﬁa LAy BarBid 0 odtipdlind 56 3o iAOkY BERMSE® 2BolIET and
a ronati C co

at | east one poly enyl a ound; and at |east one primary
ani ne- cont ai ni ng hA%:by seight.or secondary ami ne-containing material. 2. A
conposi tion according to claim1 where the pol yphenyl ene ether conprises a
plurality of structural uniys Afcotdiositiémalcdondens ko 2laim 1 where thevherein in
each of said units jndependently, eachlgFa rr],is ind en% ntly hal ogen,
primary or secondRFyRf ‘é‘lek‘iﬂ%temwgi ﬁ%u%)pls[grggéglﬁecgr bon at ons,
meny! . hal Ioal kyl polytogpmlethyl-1,Byethanediyd)roudyydrorw4{24 ohydr ocar bonoxy,

erein at |east twa _carhon Eol I jgggeghlt&y) en 10
atons; and each Q?"?‘?%n%@%ﬁ%{aum’r’@?ﬂ%h %ﬁé,%ﬁﬂg?éggﬁfb rimary g’)rgygecondary
| ower al kyl, phenpropimedial inva ratipad ub%ﬂbxy or hal ohydrocar bonoxy as
defined for Jerr].

8. A composition according to claim 1, further
comprising mold release compounds, flame retardant additives,
impact modifiers, antioxidants, stabilizers, and mixtures thereof.

9. A composition according to claim 8 where said
mold release compound is polyethylene.

10. A composition according to claim 8 where said
flame retardant additive is selected from the group consisting of
brominated styrenes and phosphorous-containing chemicals.

11. A composition according to claim 8 where said
impact modifier is selected from the group consisting of styrene-
butadiene copolymer, styrene-ethylene-butylene copolymer, and
mixtures thereof. -

12. A method for improving adhesion between a
resinous thermoplastic substrate and foam, said method
comprising the steps of:

blending a mixture of at least one polyphenylene
5 ether and at least one poly(alkenylaromatic compound);

adding at least one primary amine-containing or
secondary amine-containing material to said polyphenylene
ether-poly(alkenylaromatic) compound mixture in an amount



poly(2,6 | ene ether). 4. A conposition according to claim
1 where the*po ther is present in an anount of about 40% by

wei ght. 5. A conposition according to claim1l where the

pol y(al kenyl aromati c) conpound is pol ystyredd- - 13 - 6. A conposition
according to claim1 where the pol y(al kenyl aromatic) compound is present in
an anmount of aboutthi%aber pridyites suffident apihesionwf s fozm do thetresidoiism 1

where the pringary ne terial is a mxture of

pol y(oxymet hylrﬁ 2%?%?@%%? Pgﬁla]rga’nydro [err]-(2-

am nonet hyl et hoxy) ether wth 2-ethyl-2-(hydroxynethyl)-1,3- 5 propanediol.
in aratio of about 3-1. 8. thrnnngdbetresmnmﬂn@nm@haatmlmbstmtefurther
conprising nold rel ease conpounds, flane retardant additives, inpact

modi fiers, antioxidants, stapjl AFﬁIe'ihod“&@chd’f wa&lﬁﬁm&he:% thR

conposi tion according to claim8 where said rel ease gforrpound is
1§|

pol yet hyl ene. 10. PrEARRMINSKOREHBIRE Mmates said flane
retardant additi vepdly (@@Imulfz.@mm I)le-hyd%l-‘&i (sz.l ng of brom nated
styrenes and phosphouous tain hem 0 Si ccordi ng
to claim8 where sHPH? @pfri ﬁt?dﬁy3 t@? -Bth¥ éé‘l- lpﬁfﬁ %ﬁ@ 5’%‘%’33‘ 30n5| sting
of styrene- buﬁadlpxr@amdrdlymratm yfahmtfﬁ-liyl ene- butyl ene copol yner, and
m xtures thereof. .

3. A corrpo ﬂ“‘ to claim2 where the pol yphenyl ene ether is a
pE“n‘yl éne’e

14. A method according to claim 12, further
comprising mold release compounds, flame retardant additives,
impact modifiers, antioxidants, stabilizers, and mixtures thereof.

15. A method according to claim 12 where the
poly(alkenylaromatic) compound is polystyrene .

16. A method according to claim 12 where the
polyphenylene ether comprises a plurality of structural units of
the formula

2 Q!
Q —
Qe <
5 wherein in each of said units independently, each Q1

is independently halogen, primary or secondary lower alkyl
containing up to seven carbon atoms, phenyl, haloalkyl,
aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy, wherein at
. least two carbon atoms separate the halogen and the oxygen
10 atoms; and each Q2 is independently hydrogen, halogen, primary
or secondary lower alkyl, phenyl, haloalkyl, hydrocarbonoxy or
halohydrocarbonoxy as defined for Q1.



12. A e g adhesi on between a resinous thernoplastic
subst rat H ﬂmmu nmet hod conprising the steps of: blending a m xture
of at 3 | ene 5 ether and at | east one pol y(al kenyl aromati c.

corrpound) addi ng at | east one prinmary am ne-containing or secondary
am ne-containing material to said pol yphenylsgene et her-pol y(al kenyl aromati c)
conpound m xture in an anount - 14- that |ater produces sufficient
adhesion of a foamto the resinous 10 thernoplastic substrate; form ng the

resinous thernoplastic subsqqat&méﬁmd&dﬁaﬁdmg bac&ghdlmgvmemlmem 12 where

the primary am ne- cona ter.ial Xtyre

pol y(oxymet hyl - 1, P9 rh‘§d’rB°$’&2§] 1 L{Lgl‘r;irﬁ)ﬂbf’%eé’feh%f)et her

Wi th 2-ethyl -2-(hydroxynet hyI) 1,3- 5 propanediol in a ratio of about 3-1.
14. A method according to ch8i m\]r%suiougtiﬁa*rnmipstisiargiclra)lmh'mhl ease

d fl t ar dant d t
Sabi 1 sers,  and FEPHAES prhsiatE moldRe Honbalicdifible REMBAIAHY ) |,
the pol y(al keny| acomsisting essemisaliy of & mixtypse pf SActo. 801W91§htnmlﬁ%t g€cor di ng
t | 12 wh f

o claim er eg%}ﬂﬁ}h@%yw% fl Qﬁﬂ 20U5H0 VRefslt purdeAt bf A O

structural units or mu err erein in e h of said

uni ts i ndepend®nt pgly(abenydarama ﬁhﬁ‘ﬁ@ﬁﬂﬂﬁfli gnd A 63@%9 i ERAAPE R @econdary

I 'ower al kyl least one primary amine-containing material or secondary
amine-containing material to provide adhesion to a foam surface;
and foam adhered directly to the substrate surface.

19. An article according to claim 18 where the foam

is polyurethane foam.

20. An article according to claim 18 where the
primary amine-containing material is a mixture of
poly(oxymethyl-1,2-ethanediyl)-o-hydro-o-(2-
aminomethylethoxy)ether with 2-ethyl-2-(hydroxymethyl)-1,3-

5 propanediol in a ratio of about 3-1.



containing up to seven carbon atons, phenyl, hal oal kyl, am noal kyl,

hydr ocar bonoxy, or hal ohydrocar bonoxy, wherein at |east two carbon atons
separate the hal ogen and the oxygen 10 atons; and each @ is independently
hydr ogen, hal ogen, primary or secondary |ower al kyl, phenyl, hal oal kyl,

hydr ocar bonoxy or hal ohydrocarbonoxy as defiged for err]. - 15- 17. A
nmet hod according to claim 16 where the pol yphenyl ene ether is a

pol y(2, 6-di net hyl -1, 4- phenyl ene et her) . ABSTRACYS! nous t hernopl astic
article, which conprises: a substrate nolded froma resinous thernoplastic
consisting essentially of a mxture of 50 to 80 melght percent of

pol yphenyl ene et her resin and~AG 0 . .
pol y(al kenyl aromatic) conpoumd="—and™¢ at | east one

primary am ne-containing materi @ &N@gﬂ@ﬁﬁlRFAﬂEt aining material to

provi de adhesion to a foam sur Mtly to the
substrate surface. 19. An artl'c s ere the foamis
18 where the primary

pol yur et hane f®am 20. An articl eF

am ne-containing material is a mpHER of LAST CBL NDS
pol y(oxynet hyl -1, 2- et hanedi yl ) - a= hydr o-i err]-(2- ami nomet hyl et hoxy) et her
wth 2-ethyl-2-(hydroxynmethyl)-1,3- 5 propanediol in a ratio of about 3-1.

A composition and method for promoting improved
adhesion between a thermoplastic resinous substrate and
polyurethane foam is provided. In one aspect of this invention,

10 the composition compﬁses a thermoplastic mixture of at least one
polyphenylene ether and at least one poly(alkenylaromatic)
compound; and at least one primary amine-containing material
or secondary amine-containing material.



